The importance of lighting standards for work places
Developed and developing economies rely on the workforce of their people. Lighting of workplaces is of utmost importance to their economic success. Furthermore good lighting quality increases the ability of people to fulfil their work in the best way. Lighting standards for work places have a long history.
Good lighting practise as well as research on the effects of lighting on people provide input for our work on these lighting standards. They need to be balanced between available technology, quality for human and economic and ecological feasibility.
Lighting standards for the user workplaces were started in the early 20 th century including first CIE reports. The first European standard EN 12464-1 was published in 2002 followed by CIE S008/ISO 8995 also in 2002.
Revision of European Standard EN 12464-1
The revision of the second edition of EN 12464-1, published 2011, started in 2015. On the one hand there was a request to introduce the upcoming impact of non-visual effects of lighting, on the other hand the five year systematic review was initiated by CEN TC 169. 96 comments were received. These and the expertise of the members of WG 2 which is responsible for revising the standard made it a procedure of more than 15 two day meetings to conclude the draft for enquiry, by the beginning of 2019.
It is important to mention that during the intensive work three aspects were key:
1. Well established and known criteria shall be kept 2. Improvements according to new and accepted lighting knowledge and technology shall be incorporated 3. The standard shall be improved in its legibility
The content of the standard is given in chapter 3.
The structure and the general content was kept and further developed. The known parts are not repeated in this paper. It is mainly focused on those terms, parameters and chapters which were discussed in more detail and revised by the working group.
Confirming lighting criteria
From the beginning EN 12464-1 focussed on requirements for good lighting solutions. It was never intended to be a design guide. However, lighting design criteria and lighting design considerations form two major chapters of the standard. The latter is new (see 2.4 below).
Good lighting practice starts with creating a proper luminous environment to satisfy the basic human needs for visual comfort, visual performance and safety. The parameters used in the standard to describe this are luminance distribution, illuminance, directionality, variability, colour rendering, colour appearance and glare.
It was a clear target during the revision to confirm those parameters which are already well established.
Task areas
The visual task has to be fulfilled on task areas. These can be areas with one visual task or areas with more than one visual task which is then an activity area. Room areas are activity areas which cover the entire room or a significant part of a large room.
A new figure is introduced in the standard. It shows that the task area may be horizontal, vertical or inclined and is encircled by the immediate surrounding. Around that is the background area, usually at floor level. 
Maintained illuminance
The maintained illuminance Ēm is the most well-known parameter as it specifies the light level at a workplace to fulfil the visual task. This value was kept in the standard as the minimum required light level. It was always understood that higher light levels should be achieved for a better performance of the visual task. There are also good reasons to increase the illuminance, e.g. if the work is critical, errors are costly, accuracy, higher productivity or increased concentration is of great importance, task details are of unusually small size, the task or activity area has a low daylight provision or if the visual capacity of the worker is below normal which is the case for elderly workers.
 Beside the (old) maintained illuminance Ēm,r a second (new) value Ēm,u is introduced to give attention to the possibility to choose the maintained illuminance for a lighting installation in this band between the minimum and an upper value
See the examples in 2.4
Glare
Unified glare rating is the commonly used method for evaluating glare  The formula is removed from the standard but is still the basis for UGR evaluation. To select a luminaire the tabular method shall be used to check against the limiting UGR value RUGL.
The term for the limiting value is now RUGL instead of UGRL. This is due to new regulations by CEN on how to use terms.
Daylight glare probability (DGP) is introduced with reference to the new daylight standard EN 17037.
Shielding angles are supplemented by requirements of covered light sources as these are very often LED.
A new annex B gives some "Recommended practice regarding implementation of UGR for 'nonstandard' situations".
Cylindrical illuminance
A well-lit interior space is of major importance for the acceptance of a room and the recognition of objects and people within this room. Illuminances on vertical areas, modelling and directionality of light are parameters to describe this.
 The requirement for cylindrical illuminance Ēz is moved to tables 6 for higher awareness
Room surface illuminances
Room brightness is achieved by bright room surfaces and has an important impact on the wellbeing and visual comfort of people in interiors. Minimum values were in the existing standards.
 Minimum illuminances for walls Ēm,wall and ceiling Ēm,ceiling were moved from the main text to the tables 6 for higher awareness
The values for room brightness were general values in the main text in chapter 4.2.3 of the existing standard. In tables 6 they are now much better adapted to the rooms in which the visual tasks are carried out. The reason is well explained in annex C of the new draft standard which highlights the need for perceived room brightness giving "Additional information on visual and non-visual (non-image forming) effects of light".
Uniformity and Colour rendering
 Uniformity Uo on task or activity areas and colour rendering Ra stay as before
The parameters for design criteria mentioned in this paragraph are captured from the existing standard as they are well accepted in practise. Only in specific cases, or when comments were given during the systematic review, some adaptions were incorporated.
Next steps in the standard development
Human and user needs are given a broader acknowledgement in the revision of the standard. Furthermore in technology LED has taken over from conventional lamps as the dominant light source.
The broader reflection of user needs are always taken into account when revising and improving the main text of the standard. For example the band of illuminances (see 2.1.2) allows a much more individual choice of illuminance levels and inspires the variability of light (see 3.). The impact of visual and non-image forming effects of light are elaborated in the new Annex C. Flicker and stroboscopic effects are an issue even if exact metrics and limiting values are not available as good practise recommendations at this time.
Enhance lighting design
A new chapter 5 "Lighting design considerations" is introduced with the additional aspects of recommended illuminance requirements, operation of the lighting system, energy efficiency requirements and variability of light.
The steps on how to choose the appropriate parameters from tables 6 are explained.
 First the parameters for "lighting of the task or activity area and its immediate surrounding area" shall be determined.  Secondly the tasks, one or more, which have to be fulfilled within a space must be considered.
The parameters for "lighting the space" shall be determined.
Lighting should be adjustable. Operation of the lighting system using lighting controls is an essential quality of a lighting system and should be fully considered during design, installation and commissioning.
Maintenance shall be considered.
See 2.4 and 3 "content" for the details of the table and the design considerations.
Revised table 6 of lighting requirements
The core of the standard is table 6. The requirements are visible here at a glance.
"The requirements for the specific tasks and activities are given by Ēm,r, Ēm,u, Uo, Ra and RUGL.
The requirements for the space in which the task(s) or activities are carried out are given by Ēz for the perception of objects and people within this space and Ēm,wall and Ēm,ceiling for room brightness. The latter are used for designing the room and the space including RUGL. Glare (by RUGL) is related to the space in which a task is carried out. The first four columns are used for task or activity area design and more than one of these areas may occur within one space.
This applies to columns 3 to 10 in all tables in 6.3." 
Ēm,wall lx

Ēm,ceiling lx
This introduction is followed by tables 6.1 to 6.54. Table 6 .26 Offices may serve as an example. 
Start of revision of ISO 8995-1
The joint standard CIE S 008/ISO 8995-1 was published in 2002. During its meeting in Toronto 2018 ISO TC 274 established a JWG 5 between ISO and CIE to revise this standard. Beside the revision of the European standard other national and regional standards will also be taken into account.
Concluding remark and recognition
The revision of the European standard acknowledges the human and user needs and focusses on lighting quality by respecting new technologies and energy requirements. This is an essential contribution to the quality of life and to economic and ecological development.
The author expresses his deepest gratitude to the colleagues in working group 2 and the officers from DIN who helped with great endurance to finalise the draft standard in time. I hope that we can maintain this momentum for the final version. Furthermore I hope that ISO and CIE experts will passionately contribute to the ISO standard as well.
